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Abstract
This study aimed to investigate the trends of sediment loading in the Pinang River, a small microtidal tropical river system
of 6.5 km length in Penang Island in Malaysia. It is classified as a primary coastal plain system and can be considered as a
partial-mixed system whereby tidal influence extends up to the middle part of the river. This river has economic and 
strategic importance and serves as entrance for tourists to visit Penang National Park. Nevertheless, many anthropogenic
activities occur along the river corridor, most of which have resulted in the deterioration of water quality. The purpose of 
this study was to provide a review on sedimentation loading in the river system. This study was carried out for 13 months
during spring tide at both low and high tides, and wet and dry seasons to evaluate the pollution of sediment loadings by 
discharges from anthropogenic activities into the river. A total of 408 water samples were collected. High accumulation of 
sediments occurred, especially during low tide in the dry season with 428,816.2 kg/day (middle part) and 189,453.3
kg/day (lower part); these parts indicate the zone of sedimentation. The sediments were derived from soil erosion, effluent
from aquaculture ponds during dry season as well as tidal mixing. These factors play an important role in deteriorating the 
river water transparency and cleanliness. 
© 2013 Published by Elsevier B.V. Selection and/or peer review under responsibility of Asia-Pacific 
Chemical, Biological & Environmental Engineering Society
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1. Introduction
The Pinang River estuary is classified as a microtidal, primary, coastal -plain system. It can be
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considered as a partly-mixed system where approximately 6.5 km of the estuary experiences tidal intrusion 
from the mouth up to its middle zone. Agricultural and aquaculture activities near the riverbank have lead to 
deterioration of river water quality. The presence of intensive mudflats and the shallowness of the estuary 
have reduced water circulation and, in some cases, even caused anoxic conditions.  
Generally, estuaries are known to be one of the most productive ecosystems [1] and are located at sheltered 
coastal areas; thus, they are least exposed to high-energy waves. This makes sheltered estuaries an excellent 
site for the development of harbours, recreational facilities, or aquaculture activities [2]. In fact, most of the 
coastal cities of the world are located along estuaries, enjoying the multiple advantage of easy accessibility, 
both to the hinterland through the river and seas.  
Anthropogenic changes in estuaries have been mostly influenced by the development of residential, 
aquaculture, agriculture, and port activities. This, along with improper planning, raises water quality concerns 
as the effluent from human activities is directly discharged into the river system. 
Pinang River is a clear example that human modifications in the fluvial discharge into an estuary can have 
a strong impact on the estuarine circulation, and hence, on the sedimentation rate within the river system. 
Most of 
impact and can hardly react to adapt to the new conditions. Therefore, in most cases, the impact is negative 
and results in more inconveniences than originally expected. 
The Pinang River estuary is an example where all the human impacts earlier described, converge in the 
modification of the original estuarine characteristics. Thus, this study aimed at determining the sediment rate 
and loading into the river system. 
2. Materials and Methods 
2.1. Study Area 
The Pinang River originates from Laksamana Hill and Tiger Hill forest reserve, and ends as an extensive 
mudflat covered with mangrove trees (Fig 1). Few areas from uphill to downhill (where Station 2 is located) 
are covered by orchard plantations. The middle part is concentrated with domestic and small-scale industries, 
aquaculture ponds, and oil palm plantations. 
 
Fig. 1. Map of Pinang River showing six sampling points and its land-use activities (Mapping of ArcGIS 9.3) 
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It is a shallow microtidal river, which is 0.18 2.10 m and 0.41 3.03 m deep during low tide and high tide, 
respectively. The width of the river is measured depending upon the inundated area during the tidal event. 
During the lowest spring tide, the river is about 5.9 80.0 m wide, which becomes 5.9 121.0 m at the highest 
level of tide. At the freshwater part, the river depth is between 0.29 1.68 m while the river width varies 
between 1.8 2.4 m.  
2.2. Sampling and Field Work 
Six sampling stations were selected along the upper, middle, and lower parts of the river. Sampling for data 
collection was carried out once a month from October 2007 to October 2008 during spring tide at low and 
high tides and covered both wet (March April and July October) and dry seasons (May June and November
February). 
Water samples for sediment analyses were collected at a depth of 30 cm from water surface. The bottom 
water samples were collected from a height of 50 cm from the river floor using a water sampler. All samples 
were stored in clean 1 L polyethylene bottles and transported to the laboratory for total suspended solids (TSS) 
analysis. Measurement of parameters for pH, temperature, electrical conductivity (EC), salinity and dissolved 
oxygen (DO) were done in situ at each sampling station. The determination of water pH and salinity were 
assessed using a portable battery-operated pH meter (EUTECH Instruments) and a hand refractometer 
(ATAGO), respectively. DO and temperature were measured using a DO Meter (YSI Model 52). Dissolved 
salts and ions for EC levels were recorded by a Conductivity Meter TDS Meter (HACH). 
2.3. Laboratory Analysis 
Gravimetric analysis of TSS was done after drying the GF/C glass microfibre filters in an oven at 105°C. 
By using the TSS concentrations measured in mg/L and mean discharges in m3/s, the sediment loadings were 
calculated. The formula used was outlined by Tilrem [3] as: 
L = KCQw 
where, L = loads in kg/day, K = 86.4, C = Concentration in mg/L, and Qw = Water discharge in m3/s. 
3. Results and Discussion 
The mean value of measured in situ parameters and sediment loadings during spring tide from the upper to 
lower parts of the river at different dry and wet seasons is shown in Table 1 and Fig 2. 
3.1. In situ Parameters 
The pH was within the accepted range of 6.5 9.5 as it was safe for drinking and domestic purposes [4]. 
The Department of Environment [5] also set the protection limits of the pH value from 6.5 8.5 as ideal for 
fisheries and aquatic life. The pH values were significantly lower during the dry season (p < 0.05, n = 408), 
which was consistent with similar studies by Uzoukwu et al. [6] and Akpan [7]; and also significantly lower 
during low tide (p < 0.05, n = 260) at three stations (Stations 3, 5, and 6). It might be due to the flow of 
effluent and sewage from anthropogenic activities. Microbial decomposition process on effluent and sewage 
might also increase the carbon dioxide level and directly decrease the pH level in the water column [8].  
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Table 1. Mean value of in situ parameters measured at the upper, middle and lower parts of Pinang River water catchment area at 
different dry and wet seasons during spring tide. 
Abbreviations: LT = low tide; HT = high tide; EC = electrical conductivity; DO = dissolved oxygen  
 
 
Fig. 2. Mean value of sediment loadings at the upper (Stations 1 and 2), middle (Stations 3, 4 and 5) and lower (Station 6) parts of Pinang 
River water catchment  area at different dry and wet seasons during spring tide. 
A slight variation of water temperatures occurred between the dry and wet seasons, ranging from 23.6
31.2°C. They were significantly lower during low tide (p < 0.05, n = 260) for all stations. Strong flows from 
freshwater sources (S1 and S2) against the seawater movements during low tide influenced to lower the 
water temperature. 
Generally, the EC values were very low at the freshwater sources varying from 16.0 23.0 μMHOS/cm. 
Low EC occurred, especially at the upper part of a clean freshwater supply [9]. Meanwhile, high EC was 
In situ 
Parameters Season 
Upstream 
(freshwater source) Middle Stream Lower Stream 
Station 
1 
Station 
2 
Station 3 Station 4 Station 5 Station 6 
LT HT LT HT LT HT LT HT 
pH 
Dry 6.5 6.7 7.0 7.6 7.1 7.0 7.3 8.1 7.3 8.1 
Wet 7.7 6.6 7.5 8.0 7.3 7.6 7.7 8.2 7.6 8.4 
Temperature 
(°C) 
Dry 23.6 25.2 28.0 29.9 28.2 29.9 28.7 30.9 28.6 31.2 
Wet 24.2 24.8 26.3 29.0 26.6 29.6 28.1 29.9 27.5 30.9 
EC 
(μMHOS/cm) 
Dry 18.7 23.0 19,066.7 
35,916.
7 
19,066.
7 
35,916.
7 
29,250.
0 
40,250.
0 
36,250.
0 
41,291.
7 
Wet 16.0 21.1 1,985.7 26,511.4 1,985.7 
26,511.
4 
18,857.
1 
33,321.
4 
13,315.
7 
41,321.
4 
Salinity (psu) 
Dry 0.0 0.0 6.2 20.9 3.3 4.7 16.0 25.9 24.5 28.3 
Wet 0.0 0.0 1.1 13.6 0.9 7.7 10.6 19.6 9.9 26.3 
DO (mg/L) 
Dry 8.3 7.9 7.5 6.5 6.7 6.9 5.5 7.2 7.0 7.5 
Wet 7.9 7.8 7.4 6.8 6.6 6.8 6.2 7.0 5.9 7.3 
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recorded at middle part (Station 3) until the lower part (Station 6) varied from 1985.7 41321.4 μMHOS/cm. 
A river that experiences tidal fluctuation [9] in addition to high tide phenomena [10] brought dissolved ions 
into the estuary, thus, increasing the EC value. Both EC and salinity values were significantly high during 
high tide (p < 0.05, n = 260). The presence of inorganic particulates such as sodium and chloride ions in 
seawater increased water salinity, which was significantly higher during dry season (p < 0.05, n = 408).   
The DO concentration for unpolluted river was about 8 10 mg/L [11]; below 5.0 mg/L can prove to be 
harmful for aquatic life. Based on this study, the DO levels were between 5.5 and 8.3 mg/L. Therefore, the 
river water was found to be suitable and safe for aquatic organisms. The DO concentrations were significantly 
lower during low tide (p < 0.05, n = 260). In tropical river systems, the DO levels decreased when the system 
experienced low salinity during low tide [12]. Low oxygen levels were also associated with influx of organic 
matter to the river [13] due to excess anthropogenic discharges. A particular study showed that agricultural 
activities were also related to low DO [7]. This study demonstrated elevated DO concentrations significantly 
during wet season (p < 0.05, n = 408), which is associated with high total rainfall [14] and turbulence of the 
 
3.2. Sediment Loadings 
The upper part of Pinang River (Stations 1 and 2) displayed very low sediment loadings, which varied 
from 31.5 111.1 kg/day. In the middle part (Stations 3 and 4), the sediment loadings slightly increased from 
779.6 4,802.4 kg/day. High sediment loadings demonstrated at the estuary (Stations 5 and 6), which received 
direct aquaculture discharges, indicated 24,167.2 428,816.2 kg/day. The volume of seawater entering the 
river system during spring tides is higher and strong currents and waves also contributed to increased erosion 
activity and sediment accumulation, thus, causing high sediment loadings [15]. In addition, the effluent from 
aquaculture activities contributed high sedimentation in the river due to excess uneaten food from aquaculture 
ponds [16,17]. Aquaculture operators usually discharge the ponds effluent during low at spring tide as 
reported by Macintosh and Phillips [16]. In this study, sediment loading values were significantly higher 
during low tide (p < 0.05, n = 260), particularly during dry season (p < 0.05, n = 408). 
4. Conclusion 
Sediment loads in the Pinang River were mainly derived from aquaculture, domestic, and agricultural 
activities. From this study, it was evident that the trend of sediment loadings was very distinct at the middle 
and lower parts of the river system. Direct discharges from aquaculture ponds, especially at low tide during 
the dry season had a tremendous impact on sedimentation into the river. Therefore, it is necessary to establish 
effective management strategies that are economically, environmentally, and socially sustainable without 
compromising the needs of future generations.  
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